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blasts of laser light. The end resultiS a piece Of metal With
significantly improved performance.

Lawrence Livermore and Metal Improvement Company,
Inc., won a coveted R&D. 100 Award for their laser-peening
process in 1998 (seeS&TR, October 1998, pp. 12-13). Since

¯ ~ ~ EOPLE who know their way around metalw0rking are no that time,~they’,ge beeh deyelopifig iases,f0r thetechnology, ~, ~’,~’ : :- ’~ .......
~’ doubt famili~ With peening~uSing:a~ball~peen hammer~t9 w~th a~nuin!~er 9f mdustoes, lncludmg automgtive, medical, ~ ’~ ¯ ,

; pound a pleceof metal:mto~shape and strengthen !t against , : ~ , and aerospace. They ve also developed ~ offshoot,;. : : ¯

fatigue failure. For the past 50years, an mdustnalized equivalent tectm~que-!aser peenm~kings~which provides away t o _~
has beefishot peening, inwhich metal 0r ceramic beads as large- .’easily’ and clearly identify P~S, wit,la a~mark ~that~is e~tremg!yl
as marbles or as small as Salt and pepper grains pneurnatically difficult to c0unteffeiL Anotlaer outgre~, isa new~peeh~ -~

¯ bombarda metal surface. ̄ Laser peening, a process based on a forming technology.that¯allows complex contouring of . .

superior lasertechnol0gy developed at Lawrence Livermore, problematic thick metalcomponents suchas the thick sections
replaces the hammer blowsand streamS 6f beads with short Of large aircraft Wings. There have also been sp~nback

applications to the Department Of Energy’s :programs for
stockpile stewardship, fuel-efficient vehicles, ar~d’!ong-term.
nuclear waste storage. : :::,

’ Peenin,

Cooperative
betweenLivermore and Metal Improvement Company to
develop a machine that makes laser peening a cost-effective

A jet engine
fan blade
that is being
peened by
a laser shot.

option. The resultant LasershotTM Peening System uses a ,
solid;statei high~energy’(50-j ou~ie),~ neody~iiUm~doped giass~

laseri which pulseS at a~rate 20 times fasier than other av~lable
systems and can peen about 1 square rneter of metal perih0ur.
With each pulse of the laser, an intense Shock¯wave islcreal~ecl
over a roughly 5zmillimeter by 5-miliimeter~area and dri~ds in
a residualcompressive stress about I to 2 millimetersdeep into
metal. In conventional peening, this compressed layer is only :
about 0.25 millimeter deep. Theadded depth is!key t0qaser,,
peening s superior abiffty’t0 keep Cracks fr6m pr0pagating
and extends theJife of partsthree,to five times over that,
provided by conventional treatments.

For Fan Blades and Kneelmplants
Shot peening has long been used on automobile

spnngs and transmissions because, the treatment
increases resistance to cracks, corrosion, and fatigue.
Physicist Lloyd Hackel, who heads the Livermore
side of the joint development effort, says that the
automotive industry is now interested in applying
the depth compression afforded by laser peening to
automobile frames.

Traditionally, automakers have added mass to the
entire frame structure to achieve the required fatigue
lifetime and keep high-stress areas in frames from
cracking. Now, laser peening can extend fatigue
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into gas savings as

., ,, ¯ frames.could-save ab’out 285.million
:--year., S0~this technology has two big benefits.

~ ~ car lighter and~heaper to build andit results in/iiore fuel
" " : - " : 7,’- 1-,-"- - - ~ ’, " ;, ’ ’
- ,efficlency;~;says,Hackel. ..... " ,, .,.;. <’ ::~’~-

. ¯ .Lix, ermore:is also working witia the Biome:chafiics,!~i’, ,~

Depa~mefit of tlae-Universitp of Cafifomia ai Los: Angeies m
- use laser peening fo~ knee implants.’ ’,’The~biggest concern’in

.... " . " " " " " ,i e ,"i i,"~.... this area is pediatric,knee replacement,- says Hack 1. ,;A, ~:
su’rg~on puts in a smallknee joint,,the:child grows,: so ’the l~nee
is~loaded’with m0re stresS, whichcan-lead to:joint faiiure. ~, i’,,,~
What do ?you do? Until~now. the answer has been:to~undertake
a painful and risky operati0n every:.few,years to replace the
knee with alarger modeL"In contrast, aJaser-peened metal
joint would<be strong enough to last~nearly a decade.

The aerospace industry also sees major, applications for
¯ laser-peening, particularly in ~j et engine’s.- "If you look at a
modem turbo jet engine such as those used inca Boeing 7771":
says Hackel, ’.’you’ll see that it’s esseriti~lYagiant propeller, iv-;,:be readb’

engine, with the fan blades in,the front and the compressor ~- m .
blades insideJ’¯These blades get hit by a variety Of debris throu
including nuts and bolts,: seagulls,: sand, aiad rocks; that can
cause cracks and,failure. Laser peening adds:safety while
als0 lowering the:life-cyclecost of each: fan blade.

Another use oftaser peening for aerospace and other
industries:involves:metal Shaping. For instance, the leading ; -

L~er~peenmg j
naturally bend;which places both

and makes: the

numeric characters, a
¯ particularly timely for aerospace industries
requirement from the Aerc
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Laser peening a gear
at the base of its teeth
increases the strength
of the gear and its
fatigue lifetime.
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a barrier tc

E Inertial Confi~

~ang
criminals and i jt a
racket," says Hackel.
i: !".Ea~ren~eLivermore and Metal Improvement Company,
h~e been workingwith other org~zationS;~ in~luding the ....
National Aeronautics and Space AdNi~sffatf0n~, to determine
the efficiency’ of:iase~ pee~marldng.In Juhe2001~i ~ee laser’

" peenmarked parts:are.tentativelyScheduiedto ride0nthe NASA
shuttle to the.international space station. The parts will be bolted
onto.thespace station to face the slipstream solar:wind. After
three:years, they’ 11 be retrieved and examined to’see how well
they. held up in the.hostile.space environment.

Laser ,
peenmarking
prints a complete :
high-quality
machine-readable
matrix mark that
could deter the
counterfeiting of
metal parts. This
data matrix
represents the
number string
"123456~"

Experiments shoW that’laser " ’~ " "
corrosion and crackingat bay, allowing the canister to remain
inta:ct i’0~ 10,000 years and’!mbre’. : ,

In the Stockpile Stewardship program,-one research area
seeks to determine the effect of intense~ strald on =various "

materials. The laser-peening team’ discoVered:that ~it"could
generate meaningful strain :rates and effects thr0ugh:shock .:
waves created .by the laser~peening process,~,,we can gi~,e. ~ ~’’ ....
stockpile stewardshipscientists 10 laser shotsumini.lt6, ̄ .
.providing them with;an enorm0uS amount of data mid ~ .... -
information, gays Hackel.:The process, liC adds;~can give "
these scientists exquisite control over test parameters,
including the intensity, duration, and profile of the desired

shockwave., .
;. . : . ~

:, As for DOE siefforts in prOmoting fuel efficiency:in~. ..:~:~"
~ehi’cles, Hackel says," i: see peeniiig as:another spinback- : 1
forthe DOE- particularlytheOfficeofTransp0rta~i0n ~ "
Technology--in terms: 0f:reduCing the weight of vehicles.
DoD would also benefit, from getting better fuel efficieflcy
in the field and also for airlift capability."

Far-Reaching Technology
Going from ball-peen hammers to laser light, takes.a big jump

in technology: The applications of laser peemng--someknown
years ago, others newly discovered--are just as far-reaching.
"What we’ve come to," says HackeL "is an active CRADA
that’s working to. field the technology for specific industries
and spinning it ¯back with important benefits to Laboratory
and DOE work."..

--Ann Parker

To test the resistance of laser-peened welds to corrosion, the team took
two welded pieces of 304 stainless steel and bathed therein a 40-pement
solution of magnesium chloride, a highly corrosive salt, at 160°C. Cracks
developed in the unpeened weld within 24 hours, whereas the laser-
peened weld showed no observable cracks after a week of exposure.

-Key Words: Laser peening, Stockpile Stewardship Program,
Yucca Mountain Nucleai" Waste Disposal Program..
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